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Description 

This invention relates to a random copolymer compriainQ at least ethylene and a 1,4.5,B-d*nethano-1 ,2,3,4,4a. 
5 e Sa-octahydronaphtalene as monomers. More specifically, it relates to a copolymer having excellent transparency 
and a well balanced combriation of heat resistance, heat aging resistance, chemical and solvent resistance, dielectric 
properties and mechanical properties such as rigidity. This application ts divided trom application no. 85 300 706.0. 

Polycarbonate poty(methyl mothaerylate) and polyethylene terephthalate) are known as synthetic reens having 
excellent transparency. The poVcarbonate resin has excellent heat resistance, heat aging resistance and Impact 
strength as well as excellent transparency, but have the delect ot poor chemical resistance whereby it ts raadity attacked 
bv strong alkalies. Poly<methyl methacryiate) has the defect that it Is susceptible to attack by ethyl acetate, acetone 
and toluene Is swollen In ether, and has low heat resistance. Polyethylene teraphlhalalB has excellent heat resistance 
and mechanical properties but has the defect of possessing weak resistance to strong acids or alkalies and being 
susceptible to hydrolysis. 

Many of polyolefins well known as general-purpose resins have excellent chemical resistance, solvent resistance 
and mechanical properties, but have poor heat resistance. Furthermore, they have poor transparency because they 
are crystalline The transparency ot polyolefins ts generally Improved by adding a nucleating agent to render the crystal 
structure fine or by performing quenching to stop the growth of crystals, but such measures have not proved to be 
entirely effective Rather, the addition ot a third component such as the nucleating agent is likely to impair the inherent 
excellent properties of the polyolefins. Furthermore, the quenching method requires large scale equipment, and is also 
likely to reduce heat resistance or rigidity with a decrease in crystalllnlty. 

On the other hand, methods have been proposed for producing polymers having superior transparency by copo- 
lymerizing ethylene with bulky comonomers. U. S. Patent 2,883,372 discloses a copolymer of ethylene with 2.3Hdrhy- 
drodicyclopentadiene. This copolymer has a well balanced combination of rigidity and transparency but low heat re- 
sistance as shown by its glass transition temperature of about 100*C. 

Japanese Patent Publication No. 14.910/1971 discloses a process for producing a homo- or copolymer having 
polymerized units represented by the following formula (a) 



where* R is hydrogen or a lower alkyl group, which comprises polymerizing a 1 ,4.5 ; 8-dimethano-1 ,2,3,4,4a, 
5,B,Ba-octahydronaphlhalene represented by the following formula (b) 



cor 



(b) 



wherein R is as defined above. 
Wone or with a cydic otetin selected from sty^^ 

of the heptene and cyclopentene in the presence of an alcohol as a reducing agent using a hallde of a noble metal 
such as ruthenium as a catalyst. 

Homo- or co- polymers comprising the 1 .4.5,8-dimetnano-1 t 2,3,4,4a,5,8.8a-ociahydronaphthalene as a part or the 
whole of monomers and methods for production thereof are also disclosed in Japanese Laid-Open Patent Publications 
Nos 159 598/1975. 127.728/1983, 51.911/1984, 81,315/1984 and 61,316/1984 and U. S. Patent 4.178,424. 

The polymers disclosed In these prior art documents are ring-opened polymers having polymerized units resulting 
from ring^opentng ol monomers as in the polymerized units represented by formula (a). As can be understood from 
the lormula (a), these ring-opened polymers are structurally characterized by the fact that the main polymer chain 
contains an unsaturated vinyl linkage. Because of the presence of the unsaturated vinyl linkage, these polymers have 
poor heat aging resistance. 

All of the polymers described in the above prior art documents are ring-opened polymers obtained by the ring 
scission of monomer. U. S. Patents 3,330431 6 and 3,494.897 and Journal of Polymer Science: Polymer Physics Edition, 
volume 1 2, 1 607-1 61 8 (1 974) describe polymers of the type obtained by the opening of the double bond of monomer 
without the ring scissbn ol the bicyctohept-2-ene skeleton of the monomer. 
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U. S. Patent 3,330,815 discloses that a polymer comprising polymerized unite of the following formula (c) 




(e) 



75 



20 



ss 



30 



35 



40 



4S 



SO 



SS 



or the substitution product thereol is obtained trom bicyclo[2.2.1]hept-2-ene of the following formula <d) 

(d) 

or its^s ub p^'°" 3 P ^ U gg 7 disc(oses a process for producing a copolymer of ethylene with a bicyclo{2.2.1 ]-hept-2-ene 
represented by the following formula (•) 




<«) 



ft R* 

Example 44 and claim 92 of this petent discloses a copolymer of ethylene with tetracydo[6.2.1.l3-« o^-dodecene 
of the following formula (f) encompassed within the formula (e) 



(f) 



and ethylene The Patent does not describe the content of the tetracyclododecen. of the copolymer of Example ,44. 

me Xmer C ontains polarized units derived from about 2 mo.e% at most of the ^^^^ "J"* 
3 49^897 does not at all describe specifically copolymers of ethylene with tetracyclododecenee other than the tetra- 
evclore 2 1 1 ae 0 27 V4-dodecene of formula (1). 

Jouma of PotymeTsdence: Polymer Physics Edition, volume 12, 1607-1619 (1974) dKdoses copolymers of th- 
v J:Z w£L* derivatives having dynamic mechanical properties. Table ll of « J*"^ 
of ethylene containing 1 mola% of polymerized units derived from the same compound as formula (f) <named octhy- 
dlo^ in this document). Table IV thereof states that this copolymer has a bet^elexafon temper- 

alUf Thl comers described in these prior art references which contain only 2% at the largest of oc^Mh. 
anonaphihalane have a glass transition temperature of about 1S-C at the highest They strongly exh.brt a rubbery 
nature and have poor heat resistance and mechanical properties. 

The present invention provides a transparent random copolymer characterized m that 

(A) said copolymer comprises polymerized units derived from ethylene and polymerized units derived from 
* 1 .4,5.8-dimethano-1 I 2,3A4a,5.8.ea<>ctehydn^aphthaiena represented by the following formula (1 ) 



OX; 



wherein R, and FU are identical or different and each represents a hydrogen atom, a halogen atom or an 
alky) group, or R, and ^ may be bonded to each other to form a trimelhylene group or a group represented by 
the following formula 



in which R 3 and are Identical or different and each represents a hydrogen atom, a halogen atom or an 
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SO 
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alky I group, , 
(B) the mole ratio of polymerized units derh/ed from I^.S.B^imothano-l.a.a.A.Aa.S.B.ea-octahydrooaphthalon* 
to polymerized units derived from ethylene is from 3:97 to 95:5, 

(c) the 1 AS.B^iimelhano-1 .2,3,4 1 4a,53,8a-octahydronaphlhalenB is incorporated in the polymer chain as polym- 
erized units represented by the following formula (2) 



(2) 



wherein R, and R 2 are as defined above, and 
(D) said copolymer has a glass transhfcm temperature, measured by a dynamic mechanical analyzer, of at least 
25'C, subject to the proviso that said copolymer does not consist essentiaUy of said at least one 1.4.5,8-<Jimethano- 
ii 1 ^.SAAa.S.e.Ba-octahydrCTiaphthalene represented by the formula (1). ethylene and at least one alpha-olefm ot 

a! least 3 carbon atoms and/or cycloolefin, wherein the mole ratio of polymerized units from the 1 ,4,5,8-dimethano- 
« I 2 3,4.4a,5,B,8a-cctahydronaphthalene to polymerized units from ethylene is from 3:97 to 95:5, and the mole ratio 
ol polymerized units from the at least one alpha-olefin and/or cycloolefin to the polymerized units trom the 
1 ,4 ( 5,fi-dimethano-1 ,2,3.4,4a, S.B.Ba-octahydronaphthalene is trom 95:5 to 20:80. 

20 

The present invention also provides a process for producing a transparent random copolymer as defined above 
which comprises copolymerizing a monomer mhrture comprising ethylene and at least one 1,4,5,8-cHmethano- 
1 2 3 4,4a,S,B.8a-octahydronaphthalene of the formula (1) in a hydrocarbon medium under a pressure of up to 4.9 
MPa (0 to 50 kg/cm 2 ) in the presence ol a catalyst formed from a vanadium compound and an organoaluminum com- 
as pound which are soluble in the hydrocarbon medium. 

The present invention further provides shaped articles of a transparent random copotymer as defined above. 

The 1 45 8-dimethano-1.2 1 3.4,4a 1 5.8,Ba^ctahydronaphthalene. i.e. a tetracycloie.a.l.ia.fioa^-dodecene, 
used In this invention is represented by the above formula (1). In formula (1), R, and R^re identical or different and 
each represents a hydrogen atom, a halogen atom or an alkyl group, or R, and Rj are bonded to each other to form 
so a trimethylene group or a group of the following formula 



*3 



R 4 

wherein R 3 and R 4 are identical or different and each represents a hydrogen atom, a halogen atom or an alkyl group. 

Examples of the halogen atom for R,to R< are fluorine, chlorine and bromine. The alkyl group for R, to R 4 may be 
linear or branched, and preferably has 1 to 20 carbon atoms, particularly 1 to 10 carbon atoms. Examples of the alkyl 
group include methyl, ethyl, n-propyl, iso-propyl. n-butyl, iso-butyl, sec-butyl, l-butyl. pentyl. hexyl. heptyl. octyl. nonyl 

anddecyl. t , . , . 

Examples of the 1 ( 4 1 5 l B^tmethanol.2,3 1 4,4a.5.8,ea-octahydronaphthalene ol formula (1) include 

1 ,4,5,B-dimethano-t ^.S^^.S.B.Ba-octahydronaphthalene, 
2-methyl-1 ,4.5,B-dimelhano-1 .2, 3,4,4a.5.8,8a-octahydronaphthalene. 
2-ethyM ,4,5,8-dimethano-1 ,2,3.4, 4a,5,8,8a-octahydronaphthalene, 
2-propyl-1 ,4,5,8-dimethano-l ,2,3,4,4a.5,B,8a^tahyo>onaphthalene, 
2-hexyM ,4.S.fi-dimethano-1 ,2.3,4 ) 4a,5 ( 8.Ba-octahydronaphthalene, 
2-stearyl-1 ,4.5.8-dimethano-l ^SA^S.e.SaKJCtahydronaphthalene, 
2-decyl-1 ,4,5,B-dimethano-1 ,Z3,4.4a.5.B.8a-octahydronaphthalene, 
2,3-dimethyM ,4,5,8-dimethano-l ,2,3,4,4a^,B,ee-octahydronaphthalene, 
2 l 3<jimethyl-3-ethyl-l l 4,5 ( 8^imethano-1.2.3.4.4a,5,8,8a^tahydronaphthaIenB ( 
2^memyl.3-ethyl-1AS,B^methano-1.2.3.4.4a.5.8,8a-c<lahydronaphthalene, 
2-chloro-1 ,4.5,e-dimethano-1 ^.S^^a.S.B.Ba-octahydronaphlhalene. 
2-bromo-1 ,4,5.8-dimethano-l t 2.3,4.4a 1 5,83B-ociahydronaphthalene. 
2-fluoro-1 ,4,5,8-dlmethano-l .a.S^^.S.S.Ba-oetahydronaphthalene. 
2-cyclohexyl-1 ,4,5.8-dimethano-l ,2 t 3,4.4a,5.8,8a-octahydronaphthalenB. 
2-isobutyl-1 ,4.S,8-dimethano-1 1 2 1 3A4a,5 1 B.Sa<octahydronaphlhalene ( 
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2,3-dichloro-1.4 ( 5 1 B-dimethano-l f 2,3,4,4a,S,B,fia-octahydronaphthalene l 
1 i2-ethyl-hexacycto[6,6, 1,1 3 «.1 10 ' ia .02.7,0 B1 *]hoptadecone-4, 
1 2 -methyl-hexacyclofe.6 ( 1 , 1 3 -«, 1 10 > 1 3 , oa^O^lheptadecene^, 
1 2-isobutyl-hexacyto[6.6. 1 . 1 3 «, 1 ^.".O^.O^^Jheptadecene^, 
hexacyc!ot6,6,1 ,l 3 ' 6 ( 1 lot3 ,O 2;7 t 0 9 ' u )heptadecen«-4 l and 
pentacylo[6,5,1 ,1 3 * 0 2 - 7 .0 9 > 13 ]pentedeeene-4. 

Those l 1 4 1 S,a-dimethsno-i 1 2,3.4 1 4a.S,8 t 6a-octahydronaphthalenes may be used singly or in combination. 



Among tha compounds of formula (1), those in which at least one of R, and R a is an alkyl group, especially having 
1 to 10 carbon atoms, above all 1 to 5 carbon atoms, or R, and r\ are bonded together to form a trimethylene group 
or a group of the formula 

X 

* wherein R 3 and R 4 are as defined above, and preferably represent an alkyl group having an alkyl group with 

1 to 10 carbon atoms, especially 1 to 5 carbon atoms, 
are preferred. 

20 The compound of formula (1) can be produced, for example, by subjecting the corresponding norbornene and 

cyelopentadiane to the Dieto-Atder reaction. 

According to the process of this invention, the 1 ,4.5,8-dimethano-l .Z.a^^aLS.B.ea-octahydronaphthalene of for- 
mula (1 ) is copotymerized with ethylene in a hydrocarbon solvent In the presence of a catalyst. 

The catalyst used is one formed from a vanadium compound and an organoaluminum compound which are soluble 
2S in the hydrocarbon solvent used. 

Suitable vanadium compounds include vanadium halides such as VCl*. VBr 4 . VCL, and VBr 3 ; vanadium oxyhalries 
such as VOCI 3 . VOBr 3 , VOCI 2 and VOBr 2 ; and vanadium compounds ol the formula VOpR^X^ wherein R represents 
a hydrocarbongroup, X represents a halogen atom, and n is a number represented by 0<n£3. Of these, hydrocarbon- 
Goluble vanadium compounds, particularly the vanadium oxyhalides and the compounds of the formula VO 
30 (OR) X. are preferred. In the compounds of the foimula VOipR),^. R is an aliphatic, alicyclte or aromatic hydro- 
carboVi group, preferably an aliphatic hydrocrbon group wilh 1 to 20. preferably 1 to 5, especially preferably 1 to 3. 
carbon atoms. The number n is 0<nS3, preferably 1Sn^1.5. Specific examples ol these vanadium compounds are 
VO<OCH,)CU, VO(OCH 3 ) a ci, VO(OCH 3 ) 3 , VO(OC 2 H 5 )Cla, VCKOCaH^.sCl! ... VCKOCjH^CI, VOfOC^sb, VO 
(OC^UBnc, VO(OC 3 H 7 )CI 2 , VCXOC 3 H 7 ) 1<B CI 1 . 6 , VO(OC 3 H 7 ) 2 Cl. VO(OC 3 H 7 )3. VO(0 n-C^Cfe. VOjO n- 
3£ C 4 H B UC1. VO(0 Iso-C^CI, VO(0 sac-CrtJj. and VOfOCjH,,), ^Cl, £ . Mixtures of these may also be used. These 
vanadium compounds can easily be obtained by, for example, reading VOCIa with alcohols, or VOCL, wrth VO(OR) 3 . 

Suitable organoaluminum compounds used together with the vanadium compounds are compounds represented 
by the general formula R'.AIXV™ wherein R' represents a hydrocarbon group, preferably an aliphatic, aromatic or 
alicyclic hydrocarbon group having 1 to 20 carbon atoms, especially 1 to 10 carbon atoms. X 1 represents a halogen 
40 atom especially fluorine, chlorine or bromine, and m is a number represented by 0<m£3. Halogen-containing orga- 
noaluminum compounds of the above formula in which m has an average value represented by 1^m^2. particularly 
S.2Sm£1.8, are preferred. Specific examples of these organoaluminum compounds are trtalkyl aluminums such as 
triethyl aluminum, triisopropyl aluminum, triisobutyl aluminum, tri(n-propyl) aluminum and tri(n-butyl) alumhum; dialkyl 
aluminum monohalkios such as diethyl aluminum monochloride, diethyl aluminum monobromide. diisopropyl aluminum 
45 monochloride, diisopropyl aluminum monobromide, di(n-propyl) aluminum monochloride, dl(isobutyl) aluminum mon- 
ochloride, di(n-butyt) aluminum monochloride, dl(sec-butyl) aluminum monochloride. di(n-pentyl) aluminum monochlo- 
ride and dioctyl aluminum monochloride; alkyl aluminum sesquihalides such as ethyl aluminum sesquichtoride. Iso- 
propyl aluminum seequichlorkJe. n-propyl aluminum sesquichtoride. n-butyl aluminum sesquichtoride. n-pentyl alumi- 
num sesquichtoride and n-octyl aJumrium sesquichtoride; and alkyl aluminum dihalides such as ethyl aluminum dichlo- 
50 ride ethyl aluminum dibromlde. isopropyl aluminum dlchloride. isopropyl aluminum dibromide, n-propyl aluminum 
dichtoride n-propyl aluminum dibromide, n-butyl aluminum dchloride, isobutyt aluminum dichtoride. sec-butyl alumi- 
num dichloride, n-pentyl aluminum dichtoride and n-octyl aluminum dchloride. Matures of these may also be used. 

The ratio of the organoaluminum compound to the vanadium compound, in forms of the mole ratio of Al to V, is at 
least 1 , preferably not more than 30, especially preferably from 2 to 20. 
55 The copolymerlzallon Is carried out m a hydrocarbon solvent. Examples of the solvent Include aliphatic hydrocar- 

bons having 5 to 15 carbon atoms such as pentane. hexane. heptane, octane and kerosene; alicyclic hydrocarbons 
having 5 to 1 5 carbon atoms such as cyclopentane and cyclohexane; and aromatic hydrocarbons having 6 to 1 5 carbon 
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atoms such as benzene, toluene and xylene. These solvents may be used singly or in combination. 

Preferably, in© eopolymerization is carried out euch that the concentration of the vanadium compound in the re- 
action medium is from 0.05 to 20 millimoies/mer, prelerably 0.1 to 10 millimoles/mer. The organoaluminum compounds 
is used in such a concentration that the A 1/V mole ratio becomes at least 1 , preferably not more than 30. especially 

$ preferably from 2 to 20. 

The ratio of ethylene to the compound ol formula (1 ) varies according to the composition of the desired copolymer, 
the type of the reaction medium, the polymerization temperature, etc. Generally, the mole ratio of ethylene to the 
compound of formula (1) Is adjusted to 100:1 to 1:100, preferably 50:1 to 1 :50. 

The polymerization temperature is from -50 to 100 9 C, preferably from 30 to 80-C. The polymerization pressure is 
10 maintained at 0 to 4.9 MPa (0 to SO kg/em*), preferably at 0 to 1 .0 MPa (0 to 20 kg/cnr*). The molecular weight of the 
polymer may be controlled by using a molecular controlling agent such as hydrogen as required. 

Ae a result, the process of this invention gives the random copolymer of this invention in which the mole ratio of 
polymerized units from the l l 4 ) 5,e-dimethano-1,2,3.4,4a.5,e i 8B-artahydronaphthalene of formula (1) to polymerized 
units from ethylene (measured by l3 C-NMH analysis) is in the range ol from 3:97 to 95:5. Preferably, the above mole 
is ratio is from 5:95 to 80:20, more preferably from 1 0:90 to 80:20. 

4 The compound of formula (t ) is incorporated Intothechaln ot the random copolymer of the invention as polymerized 
units of the following formula (2) 



20 



wherein R, and R z are as defined hereinabove. The random copolymers ol the Invention, therefore, have an iodine 
number of usually not more than 5. and most of them have an iodine number ot not more than 2. The random copolymer* 

2S ol this invention have an intrinsic viscosity [id. measured In decalin at 135'C, ot preferably 0.0O5 to 20 dl/g, more 
preferably 0.01 to 15 dl/g, especially preferably 0.05 to 10 dl/g. 

The novel random copolymers of this invention are generally amorphous or ot taw crystaliinity. Prelerably. they are 
amorphous Accordtigty. they have good transparency. Generally, these copotymers have a crystalhmty, determned 
by X-ray diffraction, of not more than 40%, prelerably no! more than 25%. 

30 The copolymer of the invention has a melting point, determined by a differential scanning calorimeter (DSC), of 

not more than 135»C, preferably not more than 12B # C. 

The superior heat resistance of the novel random copolymer of this invention can also be substantiated by its high 
glass transition temperature. Specifically, the novel random copolymer of the invention has a glass transition temper- 
ate (Tg), measured by a dynamic mechanical analyzer, of at least 25«C. preferably 30 to 220«C, more prelerably 80 

^ to 2O0*C 

The random copolymer of this invention has a density, determined by the density gradient tube method in accord- 
ance with ASTM D1 505, ol usually at least about 0.86 g/cm 3 , preferably 0.94 to 1 .30 g/cm 3 , especially preferably 0.96 

tD 1 The^random copolymer of this invention also has excellent electrical properties, and lor example, has a dielectric 

40 constant, measured at 1 KHz, of 1 .5 to 4.0, above all 1.7 to 2.6. Dj ,: Mt u 
4 Novel random copolymers of this invention in which the mole ratio of the potymenzed units from the 1 ,4.5.B-dimeth- 
ano-1 2 3 4 4a 5 8,8a-octahydronaphthalene to the polymerized units from ethylene is from 10:90 to 90:1 0. prelerably 
from Is'-BS to 80:20 (measured by 13 C-NMR analysis), and which have an intrinsic viscosity, measured in decaltn at 
1 35-C of 0 3 to 1 5 dl/g, preferably 0.5 to 10 dl/g, a crystaliinity. determined by X-ray diffraction, of not more than 25%. 

45 preferably not more than 10%. and a melting point, measured by a differential scanning calorimeter, of not more than 
1 28'C preferably not more than 100-C, and a glass transition temperature measured by a dynamic mechanical ana- 
lyzer (DMA) made by Do Pont of at least 80-C, prelerably 100 to 220«C. have excellent transparency, procescability, 
heat resistance heat aging resistance, chemical and solvent resistance, dielectric properties and mechanical properties 
such as rigidity. Accordingly, these copotymers can be used as a transparent resin in various fields including an optical 

50 field as optical lenses, optical disks, optical fibers and window-panes, an electrical field as water tanks tor electric Irons, 
articles used for electronic ovens, substrates for liquid crystal display, substrates for printed circuit boards, substrates 
tor high frequency circuits, and transparent electrically conducive sheets or films, medical and chemical fields as 
injection syringes, pipettes and animal gauges, and in other fields as camera bodies, housings ot various measuring 
instruments, films, sheets and helmets. 

ss Novel random copolymers ot this invenllon in which the mole ratio ol the polymerized units from the 1 ^.6-dlmeth- 

ano-1 2 3 4 4a 5 B.8aoctahydronaphthalene to the polymerized units from ethylene is from 10:90 to 90:10. preferably 
from 1S : 85 to SO 20 (measured by 13 C-NMR analysis), and which have an intrinsic viscosity, measured m decalm at 
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1 35"C, ol 0.005 to 0.3 tiVg, preferably 0.01 to 0.3 dtfg, especially preferably 0.05 to 0.2 oVg, a crystallinity. determined 
by X-ray diffraction, of no1 more than 25%. preferably not more than 10%, a melting point, measured by a differential 
scanning calorimeter, of not morethan 128*C. preferably not more than 100'C, a glass transilion temperature measured 
by a dynamic mechanical analyzer (DMA) made by Do Pont of at leasl 60*C, preferably 100 to 220*C, and a viscosity 

5 at 2B0"C of 100 to 2 x 1 & centi poises, preferably 100 to 2 x 10* centipoises are of relatively low molecular weight and 
have excellent transparency, heat resistance, heat aging resistance, dielectric properties and chemical and solvent 
resistance. Hence, they are useful as synthetic waxes in various applications. For example, these low-molecular-weight 
random copolymers of the invention can find extensive use as candles, impregnating agents for matchwood, paper 
processing agents, sizing agents, rubber antioxidants, waterproofing agents lor cardboards, retarders for chemical 

to fertilizers, heat accumulating agents, ceramic binders, electric insulations for paper condensers and electric wires and 
cables, neutron decelerating agents, textile processing aids, water-repelling agents for building materials, protecting 
agents for coatings, calendering agents, thixolropy imparting agenis, hardness imparting agents for the cores of pencils 
and crayons, substrates for carbon ink, electrophotographic toners, lubricants for molding of synthetic resins, mold 
mold releasing agents, resin coloring agents, hot-meft adhesives, and lubricating greases. 

is « Novel random copolymers of the invention in which ihe mole ratio of the polymerized units from the 1 ,4,5,8-dimeth- 
anc-l^SAAa.S.e.ea-octahydronaphthalene to the polymerized unil from ethylene is from 3:97 to 20:80, prelerably 
from 5:95 to 10:90 (measured by 13 C-NMR analysis), and which have an intrinsic viscosity, measured in decaltn at 
1 35°C, of 0.3 to 20 dl/g, preferably 1 .0 to 20 dl/g, especially preferably 2 to 15 dl/g, a crystallinity, determined by X-ray 
diffraction, of not more than 10%, preferably not more than 5%, a melting point, measured by a differential scanning 

20 calorimeter of not more than 12B°C, preferably not more than 100°C, and a glass transition temperature by DMA of 
25 to 100*C, preferably 30 to eo°C, have excellent shape memorizing property and antivlbration property in addition 
to excellent transparency, heat resistance, chemical and solvent resistance, electrical properties, optical properties 
and moldability, and show leather properties. Accordingly, they are useful as shape memorizing polymers and antivi- 
bration material. 

25 it should be understood that the term •cycloolefln' as used in the proviso in the present specification broadly 

Includes not only cycloolefins in the ordinary sense of the word, but also styrene and styrene derivatives and unsaturated 
polycyclic hydrocarbon compounds. Specific examples of the cycloolefins include eye tabu ten e. cyclopentene, cy- 
clohexene, 3,4-dimethylcyelopentene, 3-methylcyctohexene. 2-(2fnethylbutyl)-1-cyclohexene, styrene, alpha-methyl - 
styrene. norbomene, melhylnorbomene, ethylnorbomene. isobutylnorbomene, 2 1 3 1 3a.7a-tetrahydro-4,7-methano-1H- 

30 indene and 3a,5,6,7a-tetrahydro-4,7-methano-1 H-indene, tor example cycloolefins having a norbornene ring, such as 
norbomene, s-methyl^-norbomene, 5-ethyl-2-norbornene, and 5-lsobutyl-2-norbomene. 

In view of the properties of the final random copolymer, the use of the catalyst composed of a vanadium compound 
and an organoaluminum compound is preferred in this invention, if desired, however, the vanadium compound in the 
catalyst may ba replaced by a titanium or zirconium compound. 

3S The random copolymers of this invention may be molded by known methods. For example, they can be extrusion- 

molded, injection-molded, btow-motded, or rotattonalry molded by using, for example, a vent-type extruder, a twin- 
screw extruder, a conical twin-screw extruder, a Cokneader, a plasticator. a mixtruder. a twin conical screw extruder, 
a planetary screw exrtruder, a gear-type extruder or a screwless extruder. In the molding process, known additives 
such as heat stabilizers, light stabilizers, antistatic agents, slip agents, anti-bkx king agents, antihaze agents, lubricants, 

40 inorganic and organic fillers, dyes and pigments may be used as required. 

Phenolic or sulfur-type antioxidants may be cited as examples ol such additives. The phenolic antioxidants include, 
for example, phenols such as 2,6-dl-tert-butyl-p-cresol. slearyl (3,3.-dimethyl-4-hydroxybenzyl)thioglycofate. stearyl 
bB te-(4-hydroxy-3,5-d»-tert-butylphenol)propionate, distearyl 3,S-di-tert-butyl-4-hydroxybenzyl phosphate. 2.4.6-tris 
(a'.S'-di-tert-butyM'-hydroxybenzytthioH ,3.5-triazine. distearyl (4-hydroxy-3-methyl-5-tert-butylbenzyl)malonate, 

45 2.2 , -methylenebis(4-methyl-6-tert-butylphenol), 4,4 , -methylenebis{2.6-dMert-butylphenol), 2,2'-methytenebis[G-(l- 
methyicyctohexyOp-cresol], bis[3,S-bis{4-hydroxy-3-lert-bulytphenyl)butyric actdj glycol ester. 4,4'-butylidenebis(6-tert- 
butyl-m-cresol). 1 ,1 .3-tris(2-methyl-4-hydroxy-5-tert-butylphenyI)butene. bis[2-tert-butyl-4-methyl-6-(2-hydroxy-3-lert- 
butyl-5-methyfeenzyl)phenyll terephthalate. l.3,S-lris(2,6-di-melhyl-3-hydroxy-4-tert-butyl)benzyl isocyanurate, 
1,3,5^is(3,5-dMert-butv1^ydro^enzyl}^ 

so phenyl) proplonatejmethane, l.S.S-tristS.S-di-tert-butyl^-hydroxybenzyl) isocyanurate, 1,3,5-trisf(3,5-di-tert*butyl- 

4- hydroxyphenyl)prapionylaxyethyl] isocyanurate. 2-oclylthic-4,B-dt(4-hydroxy-3 ( S-di-tert-butyl)phenoxy-l ,3.5-lri- 
azine and 4,4Mhiobis(6-tert-butyhm-cresol); and polyhydric phenol/carbonic acid oligoesters such as carbonic acid 
oligoesters (for example, having a degree of polymerization of 2, 3, 4. 5, 6, 7, 8, 9, 10) of 4,4 , *utyl»denebt3(2-tert-bulyl- 

5- methylphenol). 

ss Examples of the sultur-type antioxidant include dialkyl thiodipropionates such as dilauryt. dimyristyl or distearyl 

thlodipropionate. and esters (such as penlaerylhrrtol telralaurytthiopropionate)formed between alkylthiopropionic acids 
such as butyl-, octyk lauryl- or stearylthioproptonic acid and polyhydric alcohols (such as glycerol, trimelhytol ethane, 
trimethylolpropane, pentarythrtol or tris-hydroxyethyl diieocyanurate). 
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Phosphorous-containing compounds may also be incorporated. Examples include triocty I phosphite, trilauryl phos- 
phite, tridecyt phosphite, octykJiphenyl phosphite, tris<2,4-di-tert-butylpheny1) phosphite, triphenyl phosphite, trisfbu- 
toxyethyl) phosphite, tris(nonylpheny1} phosphite, distearyl pentaerythritol diphosphate, tetia-<tridecyf)-1 t 1 ,3-tria(2-ma- 
thyl-5-tert-butyl-4-hydroxyphenyl)butane diphosphite, tetra(C 12 -C 1s mixed alkylH. 4 '-*sopropylidenediphenyt diphos- 
s phito, tfitra(tndecyl)-4,4'-butytidenebis{3-methyl-6-tert-outytphenol) diphosphite, tris(3,5-di-tort-butyl-4-hydroxvphenyl) 
phosphite, ir1s(mono-dhmbced nonylphenyl) phosphite, hydrogenated 4,4 , -isopropylidene dtphenol polyphosphtte. bis 
(octytphenyl).bls(4 ( 4'4>LrtylKt©n©bls(3-m«thyl-6-tert- butylphenol}]. 1 ,6-hexanedtol diphosphito, phenyl*4.4'-isopropylid- 
enediphanol-pentaerythrrtol diphosphito, bis-(2,4-di-tert-butylphenyl)pentaerythritol diphosphite, bt5(2,6-di-tert-butyt- 
4-methylphenyl)pentaerythritol diphosphito, tris[4,4*-isopropylidenebts{2-tert-butylphenol)) phosphite, phenytditso- 
id decyl phosphite, di(nony1phenyl)-pentaerythritol diphosphite, tris<1 l 3-dhGtearoyloxyisopropyl} phosphite, 4 ,4' -is op ro- 
pylWenebis(2-ten-butylphenol)-dl(nonylphenyl) phosphite, 9J0-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide, 
and t6trakis(2,4-dhton-toLrtylphenyl)-4 1 4'-biphenyl&ne diphosphonite. 

There can also be used 6-hydroxycoumarone derivatives such as alpha-, beta-, gamma- and detta-tocopherols 
and mixtures thereof, a 2. 5-dime thy [-substitution product 2.5.8-trimelhyl-subslituted product or 2,5,7,8-tetramethyl- 
is ^substituted product of 2-(4-methyl-pent*3-eny)-6-hydroxycoumarona, 2,2.7-1rimethyl-5-tert-buiyl-6-hydroxycoumar- 
one, 2,2 t 5-lrlmethyl-7-terl-buTyl-6-hydroxycoumarone. 2,2,5-trlmethyl-6-ter^butyl-6-hydroxycoumarone ( and 2.2-dl- 
meth y I -5-1 ert-buty l-6-hydroxycoumaron e. 

It is also possible to incorporate a compound represented by the general formula 

M )( Al y (OH) 2x ^ y . 2l <A),.aH 2 0 

20 wherein M represents Mg, CA or Zn, A is an anion other than a hydroxy! anion, x, y and z are positive numbers, and 
a represents 0 or a positive number. 
Examples of the compounds of the above formula are 



2S 



30 



3S 



45 



SO 



MSeAlztOH^CO^Hp, 

Mg fi AI 2 (OH feoCOa-SHjO, 

Mg 6 AI 2 (OH) 14 CO a -4H 2 0, 

MgioAI^OHlatCO^Hjp, 

Mg,Al a (OH) ie HP0 4 -4H a O, 

Ca^OH^eCO^HjO, 

ZneAljtOH^COa^HjO. 

Zn 6 Alj/pH), SSO^HjO, 

Mg«AI 2 (OH) ie S0 4 .4H 2 0, and 

Mg 8 Al 2 (OH) 12 C0 3 *3H 2 0. 

There may also be added an antioxidant having a 2-benzofuranone skeleton, such as 3-phenyl-2-benzofuranone 
and 3-phenyl-4,6-dM-butyl-2-benzofuranone as disclosed in the specification of Japanese La id-Op en Patent Publica- 
tion No. 501.1B1/1980. 

Examples ol the light stabilizers include hydroxybenzophenones such as 2-hydroxy-4-methoxybenzophenone 1 
2-hydroxy-4-n-octoxybenzophenone, 2,2'-dihydroxy-4-methoxybenzophenone and2,4-dfcydroxybenzophenone; ben- 
zotriazoles such as 2-(2 , -hydroxy-3*-tert-bulyl-5 , -methylphenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-3\5 , -dMert-butyl- 
phenyl)-5-chlorcbenzotriazole, 2-(2*-hydroxy-5*-methylpheny0benzotriazole and 2-{2 , -hydroxy-3 , .S , -di-tert-amylphe- 
nyl)benzotriazole; benzoates such as phenyl salicylate, p-tert-butylphenyl salicylate, 2,4-di-teit-butylphenyt-3,5-di-tBrt- 
butyl-4-hydroxybenzoate and hexadecyl-3,5<fi-tert-bulyl-4-hydroxybenzoate; nickel compounds such as 2,2Mhiobrs 
(4-tert-octylphenol) nickel salt, (2.2*-thiobis(4-tert-octylphenolate)l-n-butylamine nickel salt and (3,5-di.tert-butyM-hy- 
droxybenzyl)phosphonic acid monoethyl ester nickel sati; substituted acrylonrtrfles such as methyl atpha-cyano-beta- 
methyl-beta-(p-methoxyphenyl)-acrylate; oxalic acid dian Hides such as N'-2-ethylphenyl-N«ethoxy-5-tert-burylphenyl 
oxalic acid diamide and N-2-ethylphenyl-NP-2-ethoxyphenyl oxalic acid diamide; and hindered amine compounds such 
as bis(2,2,6,6-tetramethyl-4-piperidine)sebacate, poiyf(6-(1.1,3,3-1etramethyfcuty()imino)-1 ,3,5-triazine-2,4-diyl 4- 
(2.2,6,6-tetramethylpiperidyl)imino)hexamethylene] and a condensation product of dimethyl succinate and 2-(4-hy- 
droxy-2,2 ,6,6-tetramethyl-l -plperidyOethanol 

Examples of the lubricants include aliphatic hydrocarbons such as paraffin wax. polyethylene wax and polypro- 
pylene wax; higher fatty acids such as capric acid, la uric acid, myristic acid, palmitic acid, margaric acid, stearic acid, 
arachidic acid and behenic acid; metal salts ol higher fatty acids such as lithium, calcium, sodium, magnesium and 
potassium salts of the above-exemplified fatty acids; aliphatic alcohols such as palmltyl alcohol, cotyl alcohol and 
stearyi alcohol; agnatic amides such as caproic amide, cap ry lie amide, capric amide, (auric amide, myristic amide, 
palmitic amide and stearic amide; esters formed between fatty acids and alcohols; and fluorine compounds such as 
fluoroalkylcarboxylic acids metal salts thereof, and metal salts of fluoroalkylsutfontc acids. 
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Examples of the fillers include inorganic or organic fibrous fillers such as glass fibers, silver- or aluminum-coated 
glass fibers, stainless steel fibers, aluminum fibers, potassium trtanate fibers, carbon fibers, whiskers, Kevlar© fibers 
and superhigh elastic poly ethylene fibers: and inorganic or organic powdery, granular or flaky fiHers such as talc, calcium 
carbonate, magnesium hydroxide, calcium oxide, magnesium sulfate, graphite, nickel powder, silver powder, copper 
s powder, carbon black, silver-coated glass beads, aluminum-coated glass beads, aluminum flakes, stainless sleel flakes 
and nickel-coated graphite. 

The novel random copolymers ol this invention may be used as a blend wtih various known polymers. Examples 
ol such known polymers are shown below. 

io (A) Polymers derived from hydrocarbons having 1 or 2 unsaturated bonds 

Polyolefins, such as polyethylene, polypropylene, potylsobutylena, potyfmeihytbutene-l), poly(4-methylp6n- 
tene-1), poty(butene-l), potyisorpene, polybutadiene and polystyrene, or crossllnked products thereof. 

Copolymers of the monomers constituting the above polymers with each other, such as ethylene/propylene 
4 copolymer, propylene/butene-1 copolymer, propylene/isobutylene copolymer, styrene/isobutylene copolymer, sty- 
i£ rsne/butadlene copolymer, terpolymers of ethylene, propylene and dienes such as hexadiene, bicyclopentadiene 

and 5-ethylldene-2-norbornene, and terpolymers of ethylene, butene-1 and dienes such as hexadiene, dlcycfopen- 
tadiene and 5-ethylidene-2-norboma. 

Blends, grafted polymers, and block copolymers of these polymers may also be cited. 

(B) Halogen-containing vinyl polymers 

20 Polyvinyl chloride, polyvinylidene chloride, polyvinyl fluoride, polychloroprene. and chlorinated rubbers. 

(C) Polymers derived from alpha, beta-unsaturated carboxyllc acids or the derivatives thereof 
Polyacrylate, polymethacrylatet polyacrylamide, and polyacryionitrile. 

Copolymers of the monomers constituting the above-exemplified polymers with other copofymerizable mon- 
omers, such as acrylonitriie/butadiene/styrene copolymer, acrylonitrileVstyrene copolymer, and acrylonitrile/sty- 
25 rene/acrylate copolymer. 

(D) Polymers derived from unsaturated alcohols, amines, acyl derivatives thereof, or acetals 

Polyvinyl alcohol, polyvinyl acetate, polyvinyl stearate, polyvinyl benzoate, polyvinyl maleate, polyvinyl butyrat, 
polyally! phthalate and pofyaltylmelamine. 

Copolymers of the monomers constituting the above-exemplified polymers with other copofymerizable mon- 
30 omers, such as ethylene/vinyl acetate copotymer. 

(E) Polymers derived from epoxides 

Polyethylene oxide and polymer derived from bisgfyctdyl ether. 

(F) Poryacetats 

Polyoxymethytene, polyoxyethylene, and polyoxymethytene containing ethylene oxide. 
35 (G) Polyphenylene oxide 

(H) polycarbonate 

(I) Polysutfone 

(J) Potyurethane and urea resina 
4 (K) Polyamides and copolyamtdes derived from diamines and dicarboxylic acids and/or aminocarbcxy lie acids or 
*o the corresponding lactams 

Nylon 6, nylon 66, nylon 1 1 , and nylon 1 2. 
(L) Poryamide-potyethers 

(M) Polyesters derived from dicarboxylic acids and dialcohols and/or hydroxycarboxylic acids or the corresponding 
lactones 

45 Polyethylene terephthalate, potybutylene terephthalate and poly{1 ,4-dimethylolcyclohexane terephthalate). 

(N) Crosslinked polymers derived from aldehydes and phenols, urea or me (amine 

Phenol/formaldehyde resin, urea/formaldehyde resin, and melamine/lormaldehyde resin. 
(O) Alkyd resins 

Glycertn/phtheHe acid resin. 

so (P) Unsaturated polyester resins derived from co poly esters of saturated and unsaturated dicarboxylic acids and 

polyhydric alcohols us'ng vinyl compounds as crosslinking agents, and halogen-containing modified resins thereof. 
(Q) Natural polymers 

Cellulose, rubber and proton, or derivatives thereof, such as cellulose acetate, cellulose propionate, cellulose 
ss acetate and cellulose ether. 

When the copolymers of this invention are used as synthetic waxes, they may, of course, be mixed with various 
known waxes. 

The random copolymers of this Invention may be used as a blend with each other. 
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Tha following Examples further illustrate the present Invention In more detail. 
EXAMPLE 1 

5 A thorougiy dried 3-liter separable llask was fitted with a stirring vane, a gas blowing intet tube, a thermometer and 

a dropping funnel, and thoroughly purged with nitrogen. 

One liter of toluene dehydrated and dried by molecular sieve was put into the flask. 

While nitrogen was passed through the flask, 2 millimoles of dichloroethoxyoxovanadium and 30 g of 2-methyl- 
1,4,5.8-dimethano-1,2.3,4.4a,5,6 t 8a-oclahydronaphthalene (to be abbreviated DMON hereinafter) were introduced 
io into the flask, and 20 millimoles of ethyl aluminum setquichloride, into the dropping funnel. 

A gaseous mixture of dry ethylene (40 IHers/hr) and nttrogen (160 llters/hr) was passed through the flask kepi at 
10°C (or 10 minutes through the gas blowing inlet tube. 
6 The copolymer ization reaction was started by adding ethyl aluminum sesqutchloride from the dropping funnel, and 
carried out at 10*C for 30 minutes white passing the above gaseous mixture. 
'5 The solution during the coporymorization reaction was uniform and transparent, and no precipitation of the copol- 

ymer was observed. 

Methanol (10 ml) was added to the polymer solution lo slop the copoiymerization reaction. 

After the stopping of the reaction, the polymer solullon was poured into a targe amount of methanol to precipitate 
the resulting copolymer. The precipitate was washed with methanol and with acetone, dried tn vacuo for one day at 
so 60* C to obtain 35 g of the copolymer. 

The copolymer had an ethylene content, measured by 13 C*NMR analysis, of 60 mcle%, an intrinsic viscosity, meas- 
ured in decaltn at 135*C. of 1.9. and an iodine number of 10. 

To measure its dynamical properties, the copolymer was molded into sheets having a thickness of 1 and 2 mm by 
a hot press at 230* C. X-ray diffraction analysis of these sheets shows that no scattering by crystals was observed, 
2S and the sheets had a crystallinity (W°) of 0%. Transparency was measured on the 1 mnvthick sheet by a haze meter 
In accordance with ASTM D1 003-52, and found to be 1 0%. Flexura) modulus and flexural yiBld strength were measured 
on the 2 mnvthick press sheet in accordance with ASTM D790, and were found to be 2.2 x 10 4 kg/cm 2 and 730 kg/cm 2 , 
respectively. The glass transition temperature Tg was found to be 130*C by measuring the loss modulus E' at a tem- 
perature elevating rate of 5*C/min. by a Dynamic Mechanical Analyzer made by Du Pont and determining Tg from its 
30 poak temperature. To determine the melting point Tm, the sample was heated at a rate of 10°C/min. in the range of - 
1 20 to 400" C by DSC (990 type made by Du Pont). The melting curve (peak) was not observed. 

The dielectric constant and dielectric tangent (tan £) of the sample, measured at 1 KHz by a dielectric loss meas- 
uring device made by Ando Electric Co., Ltd., were 1.9 and 9.1 x 10~*, respectively. 

To examine the chemical resistance of the sample, the press-formed sheet was immersed at room temperature 
3S in sulfuric acid (97%), aqueous ammonia (20%), acetone, and ethyl acetate for 20 hours, and then its appearance was 
observed. There was no change In cotor, reduction In transparency, deformation, dissolution, nor cracking. 

Table 3 given below shows the heat decomposition temperature, dielectric constant and density of the co-polymer 
^obtained in this example. 

*o EXAMPLES 2-10 

The copoiymerization reaction conditions were changed as shown in Table 1. Otherwise, the same operation as 
in Example 1 was performed. The conditions and the results are shown in Tables 1 to 3. 

4S EXAMPLES 11-12 AND COMPARATIVE EXAMPLE 1 

Example 1 was repeated except that a 500 ml flask was used instead of the 3-liter flask, the amount of toluene 
was changed from 1 liter to 250 ml, and the flow rate of N2 was changed from 160 liters/hr to 40 litera/hr. The results 
are shown in Tables 1 to 3. 
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Table 1 



Example 


Catalyst 


DMON (g) 


Ethylene gas 
(flhr) 


Polymerization 
temperature 
CO 


Amount ol the 
copolymer 
yielded (g) 


VO(OEt)Cl2 
(mmoles) 


Et 3 AI 2 CI 3 
(mmoles) 


1 


2 


20 


30 1 ) 


40 


10 


35 


2 


2 


20 


30») 


20 


10 


28 


3 


2 


20 


30') 


30 


10 


32 


4 


5 


50 


40 


100 


10 


45 


5 


5 


50 


40 


40 


10 


38 


6 


0.5 


5 


30 


20 


10 


16 


7 


0.5 


5 


30 


50 


10 


33 


8 


2 


20 


30«) 


40 


10 


32 


9 


2 


20 


303) 


40 


10 


37 


10 


2 


20 


30*) 


40 


10 


36 


11 


0.125 


1.25 


2.5 


40 


20 


7.0 


12 


0.125 


1.25 


2.2 


40 


20 


8.5 


Camp. Ex.1 


0 125 


1.25 


1.3 


45 


30 


6.0 



l ): 2-NUthyM ,4,5.B-dimoth«no-l .2,3.4.4a .S.a,6«-ocl«hydre naphthalan* 



2) : 1 ,4,6,B-Olm«lhm»-1.2.3,4,4«.S,8.Ba-octohydta»«phth»tn» 

3) : 2-EthyM ,4.6,fr-dim»th»no»12.3.4.4«,6,e.a*-ootihydron«ph>w(»n» 

4) : 2-fro-fltilyH ,4.6.8-rtmcthmno-l ,2 3,4,*«,S,8,e*-ooUhydronaphOn>»fia 
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Table 3 



Example 


Heal decomposition temperature by TGA(*C) 


Dielectric constant (1 KHz) 


Density (g/emfi) 


1 


360 


1.9 


1.021 


2 


377 


2.0 


1.027 


3 


390 


2.1 


1.024 
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Table 3 (continued) 



* 



Example 


Heat decomposition temperature by TGA(*C) 


Dielectric constant (1 KHz) 


Density (g/cm 3 ) 


4 


385 


1.9 


1.015 


5 


383 


2.2 


1.025 


e 


384 


2.3 


1.023 


7 


390 


1.9 


1.016 


8 


381 


1.0 


1.021 


9 


382 


2.0 


1.019 


10 


374 


2.1 


1.018 


11 


385 


2.3 


0.958 


12 


380 


2 4 


0.962 


Comp. Ex. 1 


375 


2.5 


0.930 



IS 

EXAMPLES 13-17 



The copolymers at ion reaction conditions were changed as shown in Table 4, and otherwise the same operation 
as in Example 1 was peformed. The results are shown in Tables 5-1 , 5-2 and 5-3. 
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Table 4 



Example 


Catalyst 


DMON (g) 


Ethylene gas 
(</hr> 


Polymerization 
temperature 
(•C) 


Amount of the 
copolymer 
yielded <g) 


VO(OEt)CI 2 
(mmoies) 


Et 3 Al 2 CI 3 
(mmoies) 


13 




10 


30*) 


26 


10 


12.4 


14 




10 


30*) 


40 


10 


24.0 


15 




10 


30*> 


80 


10 


28.0 


16 




10 


30 b > 


35 


10 


23.1 


17 




10 


30 b > 


55 


10 


26.2 
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Table 5-3 





Example 


Heat decomposition temperature by TGA ('C) 


Dielectric constant (1 KHz) 


Density (g/cm 3 ) 
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1.9 


1.022 
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1.018 
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Table 5-3 (continued) 



Example 


Heat decomposition temperature by TGA (*C) 


Dielectric constant (1 KHz) 


Oensity (p/cm 3 ) 


15 


373 


2.2 


1.014 


16 


376 


20 


1.021 


17 


377 


22 


1.016 



45 



EXAMPLE 18 

k A thoroughly dried 500 ml separable flask was fitted with a stirring vans, a gas blowing inlet tube, a thermometer 
and a dropping tunnel, and thoroughly purged with nitrogen. 

Toluene (250 ml) dehydrated and dried by molecular sieve was put into the flask. 

While nitrogen was passed through the flask, 7.5 g of the compound (g) tn Table 6, and 2.5 millimoles of ethyl 
aluminum sesquichtoride were introduced into the flask, and 0.25 millimole of dichloroethoxyoxovanadiurn was added 
to Ihe dropping funnel. A gaseous mixture composed of dry ethylene (10 llters/hr) and nitrogen (40 liters/hr) was passed 
into the flask kept at 10*C for 10 minutes through the gas blowing inlel tube. From the dropping funnel, dichloroethox- 
yoxovanadiurn was added to start the copolymerization. While passing the gaseous mixture, the copolymerization was 
carried out at 10'C for 30 minutes. During the copolymerization, the solution was uniform and transparent, and no 
precipitation of the copolymer was observed. Methanol (5 ml) was added to the polymer solution to stop the copolynv 
erization reaction. The polymer solution after the stoppfrig of (he reaction was poured Into large amounts of methanol 
and acetone to precipitate the copolymer. The precipitate was further washed with methanol and acetone, and dried 
in vacuo for one day at 60"C to obtain 5.3 g of the copolymer. The copolymer had an ethylene content, measured 
by 13 C-NMR analysts, of 59 mole%, an intrinsic viscosity, measured in decaKn at 135'C, of 1.4 dl/g, and an iodine 
number of 0.9. To measure its dynamical properties, the copolymer was molded into sheets having a thickness of 1 
and 2 mm by a hot press at 230"G. X-ray diffraction analysis of these sheets shows that no scattering by crystals was 
observed, and the sheets had a crystallinity (W°) of 0%. Transparency was measured on the 1 mm-thick sheet by a 
haze meter in accordance with ASTM D1 003-52, and found to be 9%. Flexural modulus and flexural yield strength 
were measured on the 2 mm-thick press sheet in accordance with ASTM D790, and were found to be 2.5 x 10* kg/cm 2 
and 610 kg/cm 2 , respectively. The glass transition temperature Tg was found to be 150*C by measuring the loss 
modulus E' at a temperature elevating rate of 5*C/min by a dynamic mechanical analyzer (DMA) made by Du Pont, 
and determining Tg from its peak temperature. To determine the melting point Tm, the sample was heated at a rate of 
10*C/min. in the range of -120 to 400*C by DSC (990 type made by Du Pont). The melting curve (peak) was not 
observed. 

The electrical properties of the copolymer were measured at 1 KHz by a dielectric loss measuring device made 
by Ando Electric Co., Ltd. It was found to have a dielectric constant of 1 .9 and a dielectric tangent (tan 6) of 2.3 xlOr 4 . 
4 To examine the chemical resistance of the copolymer, the press-formed sheet was immersed at room temperature 
in sulfuric acid (97%), aqueous ammonia (20%), acetone, and ethyl acetate for 20 hours, and then its appearance was 
observed. There was no change in color, reduction in transparency, deformation, dissolution, nor cracking. 

The copolymer also had a density, determined by the density gradient tube method, of 1 .032 g/cm 3 , a refractive 
index (n D ), measured by an Abbe refractometer. of 1.540, and a pencil hardness, as a measure of hardness, of H. 

EXAMPLES 19-30 

The same operation as in Example 1 8 was carried out except that the monomers were changed as indicated in 
Table 6, and the copolymerization conditions were changed as shown in Table 7. The results are shown in Tables 6 
and 9. Tables 7, 6 and 9 also show the conditions and the results used and obtained in Example 16. 
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EXAMPLE 31 

A thorough)/ dried 500 ml separable flask was lifted with a stirring vane, a gas blowing inlet tube, a thermometer 
and a dropping tunnel, and thoroughly purged with nitrogen. 
s Toluene (250 ml) dehydrated and dried by molecular sieve was put into the flask. 

While nitrogen was passed through the flask, 7.5 g of pentacycloie^.l.l 94 , O^.O 3 13 ]pentadecene-4 and 2.5 mil- 
4 limoles of ethyl aluminum sesquichloride were introduced into the flask, and 0.25 millimole of dtchloroethoxyoxovana- 
dium was added to the dropping funnel. 

A gaseous mixture composed of dry ethylene (20 Ittere/hr) and nitrogen (40 litersmr) was passed into the flask 
io kept at 10*C for 10 minutes through the gas blowing inlet tube. 

From the dropping Tunnel, dlchloroelhaxyoxovanadlum was added to start the copotymertzallon. While passing 
the gaseous mixture, the copolymerization was carried out at 10*C lor 30 minutes. 

During the copolymerization, the solution was uniform and transparent, and no precipitation of the copolymer was 
observed. 

is Methanol (3 ml) was added to the polymer solution to stop the coporymerization reaction. 

The polymer solution after the stopping of the reaction was poured Into large amounts of methanol and acetone 
to precipitate the copolymer. The precipitate was further washed with methanol and acetone, and dried in vacuo for 
one day at 60" C to obtain 7.2 g of the copolymer. 

The copolymer had an ethylene content, measured by 13 C-NMR analysis, of 55 mole%, an intrinsic viscosity, msas- 

20 ured in decalin at 1 35*C, of 2.1 dl/g, and an iodine number of 0.7. 

To measure Its dynamical propertias, the copolymer was molded into sheets having a thickness of 1 and 2 mm by 
a hot press at 230* C. X-ray diffraction analysts of these sheets shows that no scattering by crystals was observed, 
and the sheets had a crystallrnity (W 0 ) of 0%. Transparency was measured on the 1 mm-thick sheet by a haze meter 
in accordance with ASTM D1 003-52, and found to be 8%. Flexural modulus and flexural yield strength were measured 

2S on the 2 mm-thick press sheet in accordance with ASTM D790, and wre found to be 2.5 x1 0 4 kg/cm 2 and 850 kg/cm 2 , 
respectively. The glass transition temperature Tg was found to be 149"C by measuring the loss modulus E" at a tem- 
perature elevating rate of 5°C/min. by a Dynamic Mechanical Analyzer made by Du Pont, and determining Tg from its 
peak temperature. To determine the melting point Tm, the sample was heated at a rate of 10*C/min. in the range ot - 
1 20 to 400* C by DSC (990 type made by Du Pont). The melting curve (peak) was not observed. 

30 The electrical properties of the copolymer were measured at 1 KHz by a dielectric loss measuring device madeby 

Ando Electric Co., Lid. tl was found to have a dielectric constant of 2.0 and a dielectric tangent (tan 6) of 2.8 x 1CT*. 
4 To examine ihe chemical resistance of the press-formed sheet, it was immersed at room temperature in sulfuric 
acid (97%), aqueous ammonia (20%), acetone, and ethyl acetate for 20 hours, and then Its appearance was observed. 
There was no change In color, reduction in transparency, deformation, dissolution, nor cracking. 

3S The copolymer also had a heat decomposition temperalure (the weight loss initiation temperature), determined by 

a thermobalance, of 390* C, a density, determined at 23* C by the density gradient method, of 1 .025 g/cm 2 , a refractive 
index (n D ). measured by an Abbe refractometer, of 1.536. and a pencil hardness, as a measure of surface hardness, 
of H. 

<«> EXAMPLES 32-36 

The same operation as in Example 31 was carried out except that the monomer components were changed as 
shown in Table 10, and the copolymerization conditions were changed as shown in Table 10. The results are shown 
in Tables 10, 11 and 12. 
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Claim* 

4 1 . A transparent random copolymer characterized in that 

(A) said copolymer comprises polymerized unite derived from ethylene and polymerized units derived from a 
1 ,4.5,8<limethanoM. 2,3.4,43.5,8. Ba^tanydronaphthalene represented by the following formula (1) 



10 



ooC 



(1) 



wherein R, and Rj are identical or different and each represents a hydrogen atom, a halogen atom or 
an alkyl group, or R 1 and Rg may be bonded to each other to form a trlmethylene group or a group represented 
is by the following formula 



X 



in which R 3 and R 4 are identical or different and each represents a hydrogen atom, a halogen atom or 
an alkyl group, 

(B) the mola ratio of polymerized units derived from I^.S.S-dimethano-l^.a.A^.S.e.ea-octahydrQnaphtha- 
lene to polymerized units derived from ethylene Is from 3:97 to 95:5, 
ss (C) the M,5 f B^imethane~1,2.3.44a.5,8,8a<>ctahydronaphthalene is incorporated in the polymer chain as 

polymerized units represented by the following formula (2) 



xsac - <•> 



wherein R, and Rj are as defined above, and 
(D) said copolymer has a glass transition temperature, measured by a dynamic mechanical analyzer, of at 
least 25" C, subject to the proviso that said copolymer does not consist essentially of said at least one 

35 1 l 4 > 5 l 8-dimethano-1 t Z3.4 I 4a F 5,e t ea-octahydronaphthalene represented by the formula (1), ethylene and al 

least one alpha-olefin of at least 3 cartoon atoms and/or cycloolefin, wherein the mole ratio of polymerized 
units from the 1,4,5,B-dimethanc^1,2,3A4a,5.8 t 8a-octahydronaphthalene to polymerized units from ethylene 
is from 3:97 to 95:5, and the mole ratio of polymerized units from the at least one alpha-olefin and/or cycloolefin 
to the polymerized units from the 1 l 4,5 l B-dimelhano-1,2,3,4,4a,5,8,Ba-octahydronaphthatene is from 95:5 to 

40 20:80. 

2. A transparent random copolymer according to claim 1 which has an intrinsic viscosity, measured in decalin at 
1 35'C, of 0.005 to 20 dl/g. 

45 3. A transparent random copolymer according to claim 1 or 2 wherein, in formula (1 ), at least one of R, and R 2 is an 
alkyl group. 

4. A transparent random copolymer according to claim 1 , 2 or 3 which has a glass transition temperature of 30 to 
220*C. 

50 

5. A process tor producing a transparent random copolymer as darned in any one of the preceding claims which 
comprises copolymer izing a monomer mixture comprising ethylene and at least one 1 ,4,5. 8-dim ethane -1 ,2.3.4.4a, 
5,8,3a-octahydronephlhalene of the formula (1) in a hydrocarbon medium under a pressure of up to 4.9 MPa (0 

* to 50 kg/cm 2 ) in the presence of a catalyst formed from a vanadium compound and an organoaluminum compound 
ss which are soluble in the hydrocarbon medium. 

6. Shaped articles of a transparent random copolymer as claimed in any one of claims 1 to 4. 
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7. A transparent random copolymer as defined In claim 1 which is obtainable by copolymerizing a monomer mixture 
comprising ethylene and at least one 1 t 4,5.B-dlmethano-1 .a.a.A^.S.B.ea-octahydronaphlhalene of the formula 
{ t ) in a hydrocarbon medium under a pressure at 0 to 4.9 Mpa (0 to 50 kg/cm 8 ) tn the presence of a catalyst formed 
from a vanadium compound and an organoaluminum compound which are soluble in the hydrocarbon medium. 



JO 



is 



Patentenspruehe 

1. Transparentes statistisches Copolymer, dadurch gekennzeichnet, daB 

(A) des Copolymer umlaflt polymer tsierte Einheiten, abgelertet von Ethyl en, und polymeria ierte Einheiten, 
abgelertet von I^.S.e-Oimethano-t.g.a^.Aa.S.e.Ba-octahydronaphthaiin. angageben durchdie Formal (1) 



2S 



30 



(l) 



in der R, und R a gleich oder verschieden sind und jewelts ein Wasserstofiatom. ein Halogenatom oder eine 
Alkylgruppe bedeulen, Oder R, und R z mrteinander verb und en setn konnen unter Bitdung einer Trimethylen- 
gruppe oder einer Gruppe, angegeben durch die Forme) 



wobei R 3 und R4 gleich oder verschieden sind und jeweils ein Wasserslotfatom. ein Halogenatom oder elne 
AJkylgruppe bedeuten. 

(B) das Morverhaltnis von polymerisierten Einheiten, abgelertet von dem 1.4.S,B-Dimethano-i ,2.3.4,4a, 5.8,8a- 
octahydronaphthalin, zu polymerisierten Einheiten, abgelertet von Ethylen. 3:97 bis 95:5 betragt, 

(C) das 1.4,5,8. -Dimelhano-1 .2 1 3 1 4.4a,5,8 1 Ba-octahydronaphlhalin in der Potymerkette eingebaut ist in Form 
von polymerisierten Einheiten, angegeben durch die Forme) (2) 



(2) 



wobei R 1 und R 2 wie oben definiert sind. und 

(D) das Copolymer eine GlasObergangstemperalur, gemessen mB Hltfe eines dynamtsch-meehanischen Ana- 
4 5 lysators, von mindestens 25* C besitzt mrt der Maftgabe, daB das Copolymer nicht im wes en (lichen aus dem 

emen 1,4,5,8-Dimethano-l. 2,3,4, 4a,5,8,8a-octahydronaphthalin, angegeben durch die Forme) (1), Ethylen 
und mindestens einem a-Olef in mil mindestens 3 Kohlenstoffatemen und/odor Cycloolefin besteht. wobei das 
Morverhaltnis von polymerisierten Einheiten. abgeleitet von mindestens einem o-Olefin und/oder Cycloolefin, 
zu polymerisierten Einheiten, abgelertet von dem l,4,5,8-Dimethano-1,2,3 ( 4 1 4a,5,8,Ba-octahydronaphthalin, 
so 95:5 bis 20:B0 betragt. 

2. Transparentes statistisches Copolymer nach Ansprueh 1 mrt einer Grundviskositat, gemessen in Decalin bei 
4 1 35* C, von 0,005 bis 20 dl/g. 

ss 3. Transparentes statistisches Copolymer nach Ansprueh 1 Oder 2. wobei in Formel (1 ) mindestens einer der Reste 
R-, und Rj eine Alkylgruppe isl. 

4. Transparentes statistisches Copolymer nach Ansprueh 1 , 2 oder 3, das eine GlasObergangstemperalur von 30 bis 
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220* C besitzt. 



5. 



7. 



i$ 



so 
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30 



as 



V 8 rtah,enzurHe,.,...un g e>n« t r™pa,e ra ^ 

che, umtassand das Copolymerisieren etna. •^^T^TTSL- ^S.I«,w»»r«onmadium 
lAe.B-Oimetheno.,*^^ Kataly6atofs , , 

FormKorper au. ain.m transpa.en.en sBt.rti.chen Oopolym.r nach einem der Ansprflcne 1 We 4. 

.-, r -,.|»,„ nach Ansprueh 1 . das etftalWch 1st dutch Copolymerisieren ernes Mono- 

die in dom Kohlonwaseerstoflmedium fcalich sind. 



Revendleatton* 

1 . Copolymer© statistique traneparonl caracterisd en c* que 



aac: 



• (i) 

"»2 



ou un groupe represent par la lormule suwante ; 



dans teaua.1. B 3 8t K, son, ,d.nl«,u« ou d*.-.n... e, chaeun raprfsent. un atom, tfhydrooena. un atome 
ecmm. m<J. polymeri.ee repr...nt«s par la k>«mule savant. (2) 
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50 



55 



(2) 



dan. laoueH. R, at Rj cnt ... d *~^^ , *SnS^ par un anaryseurmecanlo.ua dynemi- 

qua, valant au """JJjj^^^f^JJ^^J te-oc^ydronaphlaftna represents par la formula (1 ). ethylene, 
run da ces 1 ,4,5,B-dimelhano-1 ,2.3,4.4a s, °T carbone ettou cyelooleline. dans lequel 

...naumoin. una a^'^™ "^l™ "T^ZZZ" 2 3" 1 B.B.ea^ydron-pht^^ne aux 
I. rapport moW da. mot*. J«c Al^^ molata das mc.lts polymerises derive, rfau 

5,e.8a-octahydronaphtal*ne vaul de 95:5 a 20:80. 
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4 2. Copolymere etatlsilque transparent conforms a la revendication 1 . qui a una viscoslt* inirlnseque, mesurae dans 
la docaiine a 1 35" C, rfau moins 0.005 a 20 dt/g. 

3. Copolymere statlslique transparent conlorma a la revendication 1 ou 2. dans lequel dans la formula (1 ), au moins 
s I'un dee R n at Rj reprAsente un group© alkylo. 

4. Copolymere statistique transparent conlorma a la revendication 1 . 2, ou 3, qui a una temperature de transition 
vrtreuse de 30 a 220" C. 

10 6. Precede de preparation d'un copolymere atatistique transparent conlorma a Tune quelconque des preeedentes 
revandications, qui comprend la copolymerisatlon d'un melange de monomer es contenant f*ethylene et au moins 
un 1 ,4,5.B-dim6thano-1 ,2,3,4 ( 4a,5,S ( Ba-octahydronaphtalene de formule {1 ) dans un milieu cfhydrocarbures sous 
una pression ne depassanl pas 4,9 MPa (0 a 50 kg/cm 2 ), en ta presence d'un catalyseur forme a partir d'un 
compose de vanadium et d'un compose organ i que ©"aluminium qui sont solubles dans la milieu cfhydrocarbures. 

15 

6. Articles laconnes avec un copolymere stalislique transparent conforme a Puna quelconque des revendlcations 1 
a 4 

7. Copolymere statistique transparent conlorme a la revendication 1 , qui peut etre obtonu par copolymerisatton cTun 
so melange de monomeres contenant I'ethylene et au moins un 1 ,4,5,8-dimethano-l , 2,3,4,4a, S. e.ea-oclahydronaph- 

talene de formula (1) dans un milieu d'hydrocarbures sous une pression de 0 a 4,9 MPa (0 a 50 kg/cm 2 ) en la 
presence d'un catalyseur forme a partir d'un compost de vanadium et d'un compose organ ique d'aluminium qui 
sont solubles dans te milieu d'hydrocarbures. 
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